ABSTRACT
Introduction

21
Among the more substantial accomplishments of the latest generation of imaging atmospheric shown that it is possible to detect sources of very high energy (VHE) gamma rays (>100 GeV) as 27 far out as redshifts of z= 0.54 (Albert et al. 2008a ).
28
The AGN 1ES 0414+009 is among the furthest detected TeV BL Lacertae objects, having a well 
38
1ES 0414+009 also appears in the Fermi-LAT 2-year source catalog, associated with the source 39 2FGL J0416.8+0105 1 Its inclusion in the 2FGL catalog is based on its detection in the 1-100 GeV 40 band at a significance of 6.8 σ; the photon spectrum of the excess is well fit by a power law with a 
49
The HESS excess is well fit by a power law with a photon index of 3.5±0.3 stat ± 0.2 sys and an From the entire observational sample, a total of 822 events was detected in excess of the 
92
Due to its relatively low transit path on the sky for VERITAS, the data on 1ES 0414+009 were a high probability of being correctly identified as photons). An un-binned analysis was performed into five equally spaced bins in log(E) and requiring that each bin have a TS value of at least 4.
127
These spectral points along with the associated fit to the Fermi-LAT data are shown in Figure   128 2. As can be seen, the spectra from the two instruments (Fermi-LAT and VERITAS) connect 
Multiwavelength SED and Modeling
175
The broadband SED constructed from the observations of 1ES 0414+009 is shown in Figure 4 .
176
Modeling of this SED proceeded by applying three distinct models of emission (two purely leptonic 177 and one lepto-hadronic hybrid). The resulting predictions of the gamma-ray emission from these 
180
The purely leptonic models employed to fit the SED are based on the premise that the high 
194
In models such as these, particles are injected with some distribution in energy and are sub- 
212
In contrast to the two leptonic models above, the lepto-hadronic model used for this analysis 213 assumes that the high energy emission is dominated by proton synchrotron and pion decay emission processes. An additional model component is generated from the electromagnetic cascades from Table 1 .
222
As can be seen in Figure 4 , while both leptonic models fit the TeV spectrum reasonably well,
223
neither provides a satisfactory fit to the observed broad GeV peak (in contrast to the relatively 224 sharp synchrotron peak). The extremely wide separation between the synchrotron and gamma-ray 225 peak implies a very large γ of the electrons (see Table 1 ), which then implies a very low B-field 226 in order to achieve the observed synchrotron peak. A large Doppler factor (D = 40) can then 227 help reduce the overall power requirements in the electrons to maintain values close to reasonable 228 equipartition conditions.
229
We find that the lepto-hadronic model provides a more satisfactory fit to the observed SED.
230
The primary proton synchrotron emission matches the GeV -TeV emission very well, while the 
246
We have also presented multiwavelength data on 1 ES 0414+009 from Fermi-LAT, Swift−XRT , 247 and the MDM observatory. We combine these data with archival optical data to construct a 248 broadband SED which shows a very narrow synchrotron peak in contrast to the relatively broad GeV-TeV gamma-ray peak. The SED is not well fit by homogenous leptonic one-zone models, 250 however a hybrid lepto-hadronic model provides a reasonable fit to the observed data in a strongly 251 magnetically dominated jet.
252
Although the lepto-hadronic model provides a better fit to the observed SED, it still does not 253 accurately predict the apparently complicated form of the GeV-TeV emission. It should be noted, 254 however, that both the GeV and TeV spectral data points have relatively large error bars and do 255 not take systematic errors into account. Therefore, it is difficult to accurately constrain or improve 256 any SED models until much more precise measurements of the GeV-TeV regime emission are made.
257
The study of sources at such a relatively high redshift can shed light on more fundamental sci- 
Table 1: Summary of the emission zone parameters used for modeling the synchrotron self-Compton, external Compton, and lepto-hadronic models as described in the text. 
